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ABSTRACT

The June 1991 eruptions of Mount Pinatubo produced new stratospheric aerosols that were greater than the
aerosols from the 1982 eruptions of El Chichén. These new aerosols strongly affected the advanced very high
resolution radiometer (AVHRR) retrievals of sea surface temperature in the tropics where negative biases
occurred with magnitudes greater than 1°C. The time dependence of these biases are shown. In addition, a
method to correct these biases is discussed and integrated into the National Meteorological Center’s optimum

interpolation sea surface temperature analysis.

- 1. Introduction

In an attempt to monitor changes in sea surface
temperature (SST), Strong (1989) used satellite-de-
rived measurements from the advanced very high res-
olution radiometer (AVHRR). The satellite data are
attractive because of their superior coverage compared
to conventional in situ (ship and buoy) data. However,
as discussed in Reynolds et al. (1989) and Robock
(1989), biases in the satellite data led Strong to erro-
neous estimates of global warming during the 1982~
89 period. Reynolds et al. (1989) showed that the larg-
est biases in the record were due to stratospheric aero-
sols from the April 1982 volcanic eruptions of El Chi-
chon. Satellite retrievals in aerosol-contaminated re-
gions are biased low because the infrared radiation from
the surface is absorbed by the aerosol and then read-
mitted at the lower temperature of the aerosol. The
regular retrieval algorithm accounts for the attenuation
by tropospheric water vapor, but it does not account
for the different spectral attenuations by the strato-
spheric aerosols associated with the El Chich6én and
Mount Pinatubo eruptions (see Walton 1985). Al-
though the El Chichn aerosols and the associated neg-
ative biases in satellite-derived SSTs gradually weak-
ened with time, the biases persisted through 1984.

During June 1991, Mount Pinatubo, located in the
Philippines (15°N, 120°E), produced new strato-
spheric aerosols with a volume more than twice that
from El Chichdn (Stowe et al. 1991). By the middle
of July, the aerosols had already encircled the earth.
Figure 1 shows the aerosol concentration before and
after the volcanic eruptions. The increase of the acrosols
following the eruptions is dramatic. Before the eruption
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(upper panel), most of the aerosols were comprised of
tropospheric dust from the Sahara and Saudi Arabian
deserts.

2. Effect of Pinatubo aerosols on SST retrievals

Beginning in July, the presence of the aerosols began
to significantly affect the satellite sea surface temper-
ature (SST) retrievals. Because the AVHRR cannot
make retrievals in cloud-covered areas, algorithms have
been designed to discard retrievals in cloud-covered
regions. The algorithms are different for daytime and
nighttime as described by McClain et al. (1985). In
the daytime, the cloud detection is done using the two
AVHRR-visible channels and is based on exceeding
thresholds for maximum expected reflectance in cloud-
free areas. In the nighttime, the cloud detection is done
using the three AVHRR infrared (IR) channels. This
detection is more difficult and uses a combination of
three different IR tests: a reflectance, a uniformity, and
an intercomparison test. The present daytime algo-
rithm detects the aerosols as if they were clouds; the
nighttime algorithm does not. Thus, in the aerosol-
contaminated regions, the number of daytime retrievals
dropped to almost zero while the number of nighttime
retrievals was much less affected. This is indicated in
Fig. 2 where the number of daytime and nighttime
observations between 20°S and 20°N are shown for a
55-week period. The figure shows that the number of
daytime observations were above 300 000 per week
during May and June 1991. They began to drop in
July and reached a minimum of 20 000 per week in
September before slowly returning to normal. The
number of nighttime observations were almost con-
stant during the period with typical values of 200 000
per week.

In cloud-free regions, the SST retrievals are com-
puted by combining some or all of the three IR bright-






